In 1939 Gladstone clearly demonstrated the phenomenon of amino acid antagonism and showed its relationship to the nutrition of the pathogen Bacillus anthracis. Among the interrelationships involving specific amino acids was the ability of threonine to remove the toxic effects of serine and vice versa. Snell and Guirard (1943) noted the inhibition of growth of Streptococcus lactis by glycine, serine, threonine, or 3-alanine and its removal by alanine or pyridoxine. Maas and Davis (1949) found that glycine and DLalanine completely antagonized the inhibition of Escherichia coli by D-serine. Camien and Dunn (1950) studied the ability of glycine and serine to inhibit the utilization of L-, D-, and DL-alanine and the reversal of this inhibition by higher levels of alanine. An antagonistic effect of glycine upon L-alanine in the nutrition of Lactobacillus casei has been shown by Kihara and Snell (1952) . The inhibitory nature of D-or L-alanine for L-serine has also been noted (Prescott et al., 1953) with Lactobacillus delbrueckii.
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With Leuconostoc mesenteroides strain P-60, it has been impossible to completely remove the lag in growth at low levels of threonine by lowering the serine content (Horn et al., 1947) , or the lag in growth at low levels of serine by lowering the threonine content (Meinke and Holland, 1948) . Moreover, an induction period in the response of L. mesenteroides to glycine has been reported (Shankman et al., 1947) . In the present study an attempt has been made to evaluate the effect of antagonisms involving glycine, L-serine, L-threo-I The culture used in these investigations is catalogued as Leuconostoc mesenteroides strain P-60 (culture no. 8042) by the American Type Culture Collection. In not fermenting sucrose the culture fails to conform with one of the primary characteristics of L. mesenteroides as described in the sixth edition of Bergey's Manual of Determinative Bacteriology. Investigations are being sponsored by the American Type Culture Collection to properly classify the organism. nine, and L-alanine upon the growth of L. nesenteroides.
EXPERIMENTAL METHODS
L. mesenteroides strain P-60 (ATCC-8042) was carried on yeast-extract-peptone-glucose agar and transferred weekly after passage through broth of similar composition at 37 C.2 Inocula were prepared from 18-hr cultures grown at 37 C in transfer broth. Cells were spun down, washed once with saline, and diluted with saline to a reading of 70 per cent T at 550 m,u in a Beckman Model B spectrophotometer. One drop of this suspension from a 5-ml pipette served as the inocula. After autoclaving for 10 min at 115 C, tubes were inoculated and incubated at 37 C. Growth was measured turbidimetrically (Bausch and Lomb, Spectronic 20) after a suitable incubation period. The basal medium was that of Williams (1955) except that L-hydroxyproline, and L-cysteine were omitted while glycine, Lserine, L-threonine, and L-alanine were included at one of the three levels tested (0.01 mg/ml, 0.1 mg/ml, 1.0 mg/ml).3 Total tube volume was 8 ml. 2, 5, 7, 9, and 11. t Main effects-summed values were divided by 27 to correspond to original data before plotting in figure 1. mg/ml, 0.1 mg/ml, and 1.0 mg/ml, are presented in table 1. To obtain the main effects of amino acids as well as any interactions between individual amino acids, the data have been gathered in a form normally employed for an analysis of variance. Because of the complexity of the table the effects have been depicted in graphical form.
Main effects. Curves illustrating the main effect of glycine, L-serine, L-threonine, and L-alanine are shown in figure 1. All four of the amino acids were inhibitory at a level of 1.0 mg/ml, while L-serine, glycine, and L-threonine gave suboptimal growth at 0.01 mg/ml.
Interaction between L-serine and L-threonine. Figure 2 demonstrates the interaction between L-serine and L-threonine. When L-serine was present at 0.01 mg/ml, raising the concentration of L-threonine from 0.01 mg/ml to 0.1 mg/ml gave a slight increase in growth. A further tenfold increase in L-threonine concentration to 1.0 mg/ml became inhibitory. At the intermediate and highest levels of L-serine, the initial inhibition of growth, presumably due to the antagonism of L-threonine by L-serine, was overcome by the addition of more L-threonine. The position of the curve at the highest level of L-serine suggests that the reduced optical density is a reflection of other antagonistic relationships involving Lserine.
The effect of substituting glycyl-DL-threonine and/or glycyl-DL-serine for one of the antagonistic pairs of amino acids has been examined. In present at 0.01 mg/ml. The inhibitory effect of glycine was readily overcome by increasing the level of L-serine. Moreover, inhibition of glycine by L-serine was absent at higher glycine concentrations. Thus, it would appear that glycine and L-serine are mutually antagonistic.
A comparison was made of the growth promoting ability of glycylglycine and glycine in the presence of 1.0 mg/ml of L-serine. The pronounced lag in the response of L. mesenteroides to increasing increments of the free amino acid was absent when the peptide was substituted for glycine (figure 6).
The relationship of glycine to L-threonine was found to be very similar to that of glycine and Lserine. As shown in figure 7, glycine and L-threonine antagonized each other. In addition, glycylglycine was much more efficient than glycine in promoting growth of L. mesenteroides strain P-60 in the presence of 2.0 mg/ml of L-threonine (figure 8). Again, half maximum growth was obtained with 50 ,ug of glycylglycine or 125 jig of glycine. Since the amount of glycine required for half maximum growth in the presence of 1.0 mg/ml of L-serine or 2.0 mg/ml of L-threonine was the same, L-serine was quantitatively more effective in inhibiting glycine than L-threonine. oides strain P-60 to glycine (curve A) and gly- Figure 9 . Interaction between glycine and L-cylglycine (curve B) in the presence of 1.0 mg/ml alanine in the nutrition of Leuconostoc mesenter-of L-alanine. L-serine and L-threonine are present oides strain P-60. at 0.37 mg/ml. Noninhibitory nature of glycylglycine as compared to glycine. Table 2 presents data comparing the effect of glycine and glycylglycine upon growth of L. mesenteroides under conditions found to be most applicable for demonstration of glycine inhibition. Glycine almost completely suppresses growth at 1.0 mg/ml while supplements of the peptide up to 2.0 mg/ml give equal or greater growth than the control.
Hydrolysis of peptides by resting cells of L. mesenteroides. Figure 12 (Shankman et al., 1947) and the inability to remove completely the lag in the serine and threonine response curves by lowering (Horn et al., 1947; Meinke and Holland, 1948) .
The greater activity of glycyl-DL-serine, glycyl-DL-threonine, and glycylglycine, as compared to L-serine, L-threonine and glycine in the several antagonisms tested, may be cited as additional examples of a phenomenon which appears to be quite general Snell, 1952, 1955 ). Since the peptides tested in this investigation were readily hydrolyzed by resting cells of L. mesenteroides, they have uniqtueness only outside the cell. Therefore, it is not unreasonable to suppose that in these antagonisms the free amino acid is antagonized during the absorption process, whereas the peptide passes uninhibited. The noninhibitory nature of glycylglycine under conditions where glycine is markedly inhibitory adds support to this idea and indicates an additional condition under which appropriate peptides may surpass their component amino acids in promoting the growth of bacteria. SUMMARY A method has been described for simultaneously examining the effect of variation in the concentration of essential nutrients upon growth of a test organism. By this procedure it has been possible to show the influence of five different amino acid antagonisms upon growth of Leuconostoc mesenteroides strain P-60. These antagonisms include the amino acid pairs; L-threonine-Lserine; L-serine-glycine; L-threonine-glycine; Lalanine-glycine; and L-alanine-L-serine. In every case examined, peptides containing one of the antagonistic pairs proved more effective than the free amino acid in relieving these antagonisms.
